Introduction
Patients with diabetes mellitus (DM) subjected to percutaneous coronary intervention (PCI) are at increased risk for adverse outcomes, including restenosis repeat revascularization, myocardial infarction (MI), and mortality. They have more complex and severe lesions, more extensive and diffuse atherosclerosis, increased prevalence of multi-or triple-vessel disease, smaller caliber vessels, and a higher incidence of left main disease. [1] [2] [3] [4] The efficacy of drug-eluting stents (DES) in reducing restenosis and ischemia-driven repeat revascularization procedures has been demonstrated in this patient population, with a greater absolute reduction in repeat revascularization in submit your manuscript | www.dovepress.com
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Wiemer et al patients with DM compared to those without DM. [5] [6] [7] Despite the proven efficacy, there exists the safety concerns particularly related to late stent thrombosis after implantation of the first-generation DES. 8 It has been suggested that their permanent polymers containing the anti-proliferative drug were partly responsible for delayed vascular healing, and were thus a possible substrate for stent thrombosis. 9 ,10 This is of concern for patients with DM, as the disease is usually associated with a pro-thrombotic state, thus rendering them at increased risk of thrombotic events. 11 The Nobori stent system incorporates a biodegradable polymer carrier containing the anti-proliferative drug Biolimus A9™ (Biosensors International, Singapore, Singapore) that is only applied on the abluminal surface of the stent platform. By reducing contact with the blood, the abluminal coating might enhance the attachment of endothelial progenitor cells from the peripheral circulation or in-growth of endothelial tissue from the distal and proximal edges of the stent. 12 In patients with de novo lesions in native coronary arteries, results from numerous studies have confirmed the very good safety and efficacy profiles of the stent. [12] [13] [14] However, its efficacy in patients with DM has not been fully established.
Accordingly, the aim of the present work was to evaluate the performance of the Nobori stent system in patients with DM enrolled in the NOBORI 2 registry. The influence of insulin therapy was also evaluated, as patients with insulindependent DM (IDDM) are known to be at higher risk of adverse events.
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Materials and methods
Patient population
The NOBORI 2 study enrollment strategy aimed to ensure a patient population representative of daily practice. All investigators were requested to enroll consecutive patients suitable for treatment with DES according to hospital standard procedures, matching available sizes of Nobori DES. The studied population consisted of 3,067 patients enrolled between April 2008 and March 2009 in 126 centers in Europe and Asia. Through data entry in the electronic case report form, based on prior diagnosis, patients were automatically assigned to predefined analysis group of diabetic patients, and if they were on insulin therapy they were allocated to IDDM subgroup. No specific laboratory confirmation was requested for confirmation of DM. The study was conducted according to the Declaration of Helsinki, ISO 14155 and respecting all country-specific regulatory requirements. The protocol was reviewed and approved by the ethics committee of each participating hospital and all patients gave written informed consent.
The nobori Biolimus a9-eluting stent
The Nobori DES system comprises four components: 1) the bare metal stent platform; 2) the delivery catheter; 3) the biodegradable drug carrier (polylactic acid); and 4) an antiproliferative substance, Biolimus A9™. Contrary to other DES, the drug polymer matrix is applied only abluminally (toward the vessel wall). The design of the Nobori DES stent system has been described in details previously. [12] [13] [14] The Nobori stent was available in lengths from 8 to 28 mm and in diameters of 2.5, 3.0, and 3.5 mm.
coronary stent procedure
Patients' medication regimen, percutaneous access, lesion preparation, and stent implantations were performed according to hospital routine practice with no recommendation for any aspect of it. The treatment of multiple target vessels and staged procedures were allowed. Peri-procedural clopidogrel was given to 99.6% of the patients in addition to aspirin. Glycoprotein IIb/IIIa inhibitor was administered in 17% of all patients. A post-procedural electrocardiogram and the measurement of cardiac enzymes were recommended. All patients had an additional assessment of comorbidities using the Charlson comorbidity index, which was described before. 16 
Patient follow-up
All patients were followed through hospital discharge and were scheduled for follow-up evaluations (hospital visit or telephone assessment) at 1, 6, and 12 months, and annually up to 5 years post-procedure. No mandatory angiographic follow-ups were planned in this study. During the follow-up contacts, information about patients' clinical condition, adverse events, hospitalizations, and changes to concomitant (cardiac and antiplatelet) medications were collected.
study management
Data were collected on standardized electronic case report forms (KIKA Medical, Boston, MA, USA), monitored online (100%), and on-site (30%). An independent clinical event committee reviewed and adjudicated all major adverse cardiac events. All baseline angiograms were analyzed by an independent core laboratory (CorExpert, Belgrade, Serbia). The corresponding author had full access to all data in the study and takes final responsibility for the decision to submit for publication.
study endpoints
The key endpoints of the study were target lesion failure (TLF), a device-oriented composite endpoint, defined as 
statistical analysis
Data were presented as percentages and 95% confidence intervals for categorical variables, and means and standard deviations for continuous variables. All analyses were performed by an independent statistical office (SBD Analytics, Bekkevoort, Belgium) using SAS software, version 9.13 (SAS Institute Inc., Cary, NC, USA). All statistical tests were two-tailed with P#0.05 considered to be statistically significant. Differences between IDDM and non-IDDM (NIDDM) patients were analyzed using Fisher's exact test for binary variables, and Wilcoxon rank sum test for continuous variables.
Results
In the NOBORI 2 study, the subgroup of patients with DM consisted of 888 patients; 213 of them suffered from IDDM.
The DM group contained significantly more women than the non-DM group (27.7% versus [vs] 19.7%, P,0.0001). The occurrence of hypercholesterolemia, hypertension, congestive heart failure, and peripheral vascular disease was also significantly higher in the DM group (Table 1) . At baseline, DM patients presented more often with silent ischemia as compared to non-DM patients (17.38% vs 14.13%, P=0.026).
As expected, patients with DM had a significantly higher Charlson comorbidity index.
Baseline procedural details, quantitative coronary angiography results, and lesion characteristics
The mean number of diseased vessels per DM patient was 1.83±0.78 vessels. The number of lesions detected and treated per patient was 2.18±1.17 and 1.44±0.69, respectively. All these numbers were significantly higher in the DM group as compared to the non-DM group; however, the difference between diseased and treated vessels was higher in DM group. The mean lesion length was shorter in the DM group, mainly due to shorter lesions in NIDDM patients ( Table 2 ). The reference vessel diameter of treated arteries and minimum luminal diameter post-procedure were significantly smaller in patients with DM, with no difference between the IDDM and NIDDM subgroups ( Table 2) . In the DM subgroup, significantly more calcified (30.24% vs 24.27%, P,0.001) and tortuous (10.31% vs 6.67%, P,0.001) lesions were treated as compared to the non-DM group (data not shown). Pre-dilatation of the lesion was also more often performed in the DM group (73.5% vs 70.5%, P=0.043). This was mainly due to a higher percentage of pre-dilatation in the IDDM subgroup (79.06% vs 71.76%, P=0.011).
clinical outcomes at 1-year follow-up
At 1-year follow-up, 97% of the patients were available. The TLF rate in the DM group was 6.0%, and the main contributing factors were cardiac death and TLR. The value was significantly higher than the one observed in the non-DM group (3.0%).
This was mainly driven by events in the IDDM subgroup of DM patients (Table 3 ). In the DM group, 17 people died of a cardiac cause (seven IDDM patients and ten NIDDM patients), and 16 patients suffered from a target vessel-related MI.
In the DM group, thrombosis in the study stent (definite and probable according to the ARC definitions) occurred in seven patients (two patients with IDDM and five patients with NIDDM). All stent thromboses happened within 30 days of the baseline procedure (early). These values were not significantly different from the ones reported for the non-DM group. At 1-year follow-up, 87.9% of the DM patients and 87.4% of non-DM patients were free from angina. However, within the DM group, significantly less IDDM patients were angina free. This was mainly due to a high occurrence of stable angina in this subset of patients (17.0% vs 8.5%, P=0.001) ( Table 3) .
clinical outcomes at 2-year follow-up
At 2-years follow-up, 95% of the patients were available. The TLF rate in the DM group was 7.2%, while it was 4.2% in the non-DM group (P,0.001). As observed at 1-year follow-up, the main contributing factors for both parameters were cardiac death and TLR. The rate of POCE was also significantly higher in DM patients ( Figure 1, Table 4 ). These higher rates in the DM group were again mainly driven by more events in the IDDM subgroup. After the 1-year follow-up, six additional DM patients died because of a cardiac cause (two IDDM patients and four NIDDM patients), and three patients died due to a non-cardiac cause. The number of patients who suffered from a target vessel-related MI did not change in the DM group, while it increased by two patients in the non-DM group.
Very late study stent thrombosis occurred in two patients in the NIDDM subgroup and none in the IDDM patients (Tables 3 and Figure 2 ). At 2-year follow-up, 87.3% of the DM patients were free from angina and, as at 1-year follow-up, significantly less IDDM patients were angina free, mainly due to a high occurrence of stable angina in this subset of patients (15.9% vs 9.0%, P=0.013). Significantly more DM patients were still on dual antiplatelet therapy as compared to non-DM patients (39.1% vs 31.1%, P,0.001) ( Table 4) .
Patients with chronic heart failure (CHF) (54 patients) had higher adverse outcomes: at 2-year follow-up, TLF was 14.8% in CHF patients and 8.0% in non-CHF patients; however, the difference was not statistically significant. The difference is mainly driven by cardiac death. POCE was significantly higher in patients with CHF (25.9%) than in patients without CHF (14.0%, P=0.03) . This difference is mainly driven by death from all causes.
Discussion
The present study reports on the long-term safety and efficacy of Nobori DES in patients with DM. The main findings at 2-year follow-up are: 1) compared with patients without DM, those with DM had significantly more adverse events and a higher rate of TLF (P=0.006); 2) the presence of IDDM was also associated with significantly higher rate of all composite endpoints (POCE; P=0.006) than NIDDM; 3) the rates of stent thrombosis were low and similar between patients with and without DM, and insulin therapy did not increase the incidence of thrombotic events; and 4) no late or very late stent thromboses occurred in patients with IDDM. Overall, our results confirm that patients with DM, and especially those with IDDM, are at higher risk of adverse events following PCI. They also demonstrate the good performance of the Nobori DES system in this high-risk patient population.
The clinical benefits of Nobori stent implantation have been demonstrated in previous studies. [12] [13] [14] This is the first study specifically assessing its performance in patients Figure 1 composite endpoints at 1-and 2-year follow-up. Notes: *P,0.05; **P,0.001; ***P,0.0001. Abbreviations: Mi, myocardial infarction; TlR, target lesion revascularization; TVR, target vessel revascularization; DM, diabetes mellitus; iDDM, insulin-dependent diabetes mellitus; TlF, target lesion failure (composite of cardic death target vessel Mi and TlR); MacE, major adverse cardiac events (composite of cardiac death, Mi, and TVR); POcE, patient oriented composite endpoint (composite of any death, any Mi and any coronary revascularization).
with DM. As expected, patients with DM had worse outcomes than those without DM. The presence of DM was associated with significantly higher 2-year rates of TLF (7.2% vs 4.2%), TLR (4.2% vs 2.5%) and TVR (5.9% vs 3.7%). Compared with other DES, these rates appear lower than those previously reported in studies of sirolimus-and paclitaxel-eluting stents, 7, [17] [18] [19] [20] and they compare favorably with the results of new generations of DES. [20] [21] [22] [23] For example, patients with DM enrolled in the SPIRIT IV trial who received an everolimus-eluting stent had a 1-year TLF rate of 6.4%. 21 In the recently published pooled analysis of SPIRIT and COMPARE trials, patients with DM, treated with Xience V™ stents, had 2-year MACE (major adverse cardiac events: composite of cardiac death, MI, and TLR) rate of 10.1%, and those treated with a Taxus™ stent had a 10.3% 2-year MACE. 20 It is well known that patients with DM are at higher risk of adverse events following PCI, especially so for those whose diabetic state is insulin-dependent. [1] [2] [3] [4] Moreover, IDDM was an independent predictor for late cardiac events and TLR in particular (odds ratio 2.05, P=0.0002). 4 In our patient population, IDDM was associated with a 2.0-fold increase in the 2-year rate of TLF. This was driven by significant increases in the rates of TLR, while the rates of cardiac death and MI remained similar between groups. TVR rate was also significantly increased. These higher rates 
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Drug-eluting stents in diabetic patients of repeat revascularization procedures are suggestive of an increased incidence of restenosis or the development of new lesions (in previously treated vessels or in vessels remote from the target site), due to the progression of atherosclerosis. Furthermore, complete revascularization was more frequent in non-DM patients as compared to DM patients (the difference between detected and treated lesions was lower in non-DM patients); this pattern certainly could have an impact on TVR in particular. The mean lesion length in patients with diabetes was shorter than in patients without diabetes, contradicting the current understanding of disease pattern in former patients. However, this finding could also indicate that operators tended to apply more spot stent techniques in diffuse disease, potentially leading to higher in-segment revascularization due to disease progression in diabetic patients.
The increased incidence of stent thrombosis reported following DES implantation has been a cause for concern. 24, 25 This is especially worrisome for patients with DM, as the disease is associated with a pro-thrombotic state and also because they are known to be less responsive to antiplatelet therapy. 10, 26 At 2-year follow-up, in our study, the rates of stent thrombosis (definite and probable) were low and similar between patients with (1.0%) and without DM (0.7%), and the majority of events occurred within 30 days of the index procedure. Compared with the rates reported in various studies with different stent platforms, the Nobori DES appears to be less thrombogenic than sirolimus-(3.0% to 4.4%), 7, 17, 18 paclitaxel-(2.0% to 2.4%), 18, 20, 22 zotarolimus-(5.6%), 22 and everolimus-eluting stents (1.6%). 20 Noteworthy is the fact that patients with IDDM were not at higher risk of thrombotic events (0.9% for IDDM vs 1.0% for NIDDM), with no cases of late or very late stent thrombosis having potential clinical relevance. At this stage, it can only be speculated that Nobori DES design and biodegradable polymer might have an impact on this finding.
Our study has several limitations. First, the diagnosis of DM was performed only on the bases of medical history without any confirmatory tests, potentially leading to lower incidence. Furthermore, NOBORI 2 is the non-randomized registry and the comparison with other DES is limited to literature data. Also, under-reporting of adverse events during follow-up is possible. However, because of the very high follow-up compliance rate and meticulous online and on-site source data verification, we believe that most of the adverse events were reported by the investigators, detected during on-site monitoring, or triggered from the database. The 2-year follow-up analysis cannot completely confirm the safety of the stent in this high-risk patient population. The planned 5-year follow-up will therefore be of significant interest.
Conclusion
This analysis of the 2-year outcomes in patients with DM suggests that the Nobori DES is a suitable treatment option for this subset of patients. The absence of late and very late stent thrombosis in IDDM patients merits further investigation, as this finding might have significant clinical value.
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